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(54) Fibre optic coupler 

(57) A coupler comprising a molded 
plastic body 1 0, adapted to 
precisely position an optical fibre 
termination 1 2 and emitters and 
detectors 16. 18. Surfaces 20. 22 
are provided within the body to 
optically couple the fibre to the 
emitter and detector and these may 
be reflective (by means of coating 
or total internal reflection) and 
focussing. In the case where the 
focussing surfaces 20. 22, are 
reflecting, they are preferably 
ellipsoidal or paraboloidal in shape 
(see Fig. 3 not shown). In 
alternatively one surface may be 
beam splitting and the second 
surface provides focussed reflection 
(see Fig. 6a not shown) or one 
focussing surface may be reflecting 
while the second surface is 
refracting (see Fig. 7 not shown). 
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SPECIFICATION 
Fibre optic coupler 

5 Fibre optic couplers are typically used to apply 
modulated light to an optical fibre from an 
emitting source and to apply light received 
from the fibre to a detecting element. Such 
couplers can also be used to multiplex or 

10 demultiplex modulated light carried or to be 
carried by an optical fibre. See my copending 
commonly assigned application, US SN. 
444,494, filed November 24, 1982. 

Such couplers are likely to be used in great 

1 5 numbers and it is accordingly desirable that a 
coupler be capable of high volume, low cost 
production with a minimum of production 
steps and reliable construction. Such couplers 
must also function in environments of varying 

20 temperatures and other effects which can im- 
pact the optical properties or alignment of the 
coupler with detrinriental effects on the cou- 
pling function. 

Great positional accuracy is required in the 

25 placement of coupler elements to ensure low 
losses in coupling light between fibre termina- 
tions and emitters and detectors. Injection 
molding techniques can be used for this pur- 
pose, but often are complicated by the need 

30 for the side actions to accommodate all the 
pockets of a coupler mold. A coupler which 
can avoid side action molds is therefore desir- 
able. 

Optical properties which permit focussing, 
35 beam splitting or correction of spherical aber- 
ration and coma are also desired in the cou- 
pler for minimizing losses or providing flexibil- 
ity in use. 

According to this invention, we propose an 

40 optical coupler comprising: a coupler body 
formed of an optically transmitting material; 
first and second physically separated optical 
surface within said body; said body having 
means for receiving an optical fibre in a first 

45 location; said body having at least first and 
second means for positioning and securing 
first and second emitting or detecting ele- 
ments; said first and second physically sepa- 
rated optical surfaces being positioned within 

50 said body to provide optical paths between 
said first location and said first and second 
positioning means respectively. 

In accordance with the teaching of the 
present invention, a coupler is provided in 

55 which optical coupling is achieved between 
the termination of an optical fibre and respec^ 
tive detectors and emitters via one or more 
focussing surfaces* High positional accuracy 
and resulting alignment is accomplished by 

60 molding the coupler as a single plastic part in 
which the fiber termination and the emitters 
and detectors are precisely located by molded 
in cavities. The focussing surfaces that guide 
the radiation between the termination and the 

65 emitters and detectors are also molded as 
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pockets in the coupler body. In a single 
injection molding step, ail critical components 
of the coupler body are formed, thus insuring 
accurate and repeatable coupler reproduction 

70 at low cost. 

In one preferred embodiment of the inven- 
tion, the coupler focussing surfaces are reflec- 
tive, operating on the principle of total inter- 
nal reflection without reflective coatings. 

75 These surfaces may be aspheric or spherical in 
shape depending upon the desire to correct 
for spherical aberration and coma or achieve 
flexibility in the location of the focussing sur- 
faces. Molds for either shape are nearly the 

80 same in cost. Side action molds may be 

eliminated by the placement of all component 
cavities on opposite sides of the coupler body. 
The focussing surfaces are segmented where 
it is desired to completely isolate the radiation 

85 paths between the fiber termination and the 
emtitters and detectors. Where reflecting sur- 
faces are used, the coupler is insensitive to 
changes in refractive index and dimensions 
attributed to temperature or other effects and 

90 to wavelength changes. 

In another preferred embodiment the cou- 
pler contains a groove that terminates in a 
beam splitting surface. The groove is adapted 
to recieve and position an optical fiber with its 

95 termination proximate to the beam splitting 
surface. One radiation path leads from the 
termination to a cavity for an emitter or detec- 
tor by reflection at the beam splitting surface. 
The other path leads through the beam splitt- 
100 ing surface to an emitter or detector cavity by 
total internal reflection from a focussing, 
molded-in surface. Side actions are avoided in 
the coupler mold according to this embodi- 
ment. 

105 In another embodiment of the invention, 
one focussing surface is reflecting while a 
second focussing surface Is refracting. 

DESCRIPTION OF THE DRAWING 
110 These and other features of the present 
invention are more fully described below in 
the solely exemplary detailed description and 
accompanying drawing of which: 

Figure 7 is a cross sectional view of a 
115 coupler according to the invention having to- 
tal internal reflecting ellipsoidal surfaces; 

Figure 2 is a cross sectional view of a 
coupler alternative to that of Fig, 1 using 
ellipsoidal total internal surfaces and produced 
1 20 by a mold requiring no side actions; 

Figure 3 is a cross sectional view of a 
coupler alternative to that of Fig. 1 using 
paraboloidal total internal reflecting surfaces 
and produced by a mold requiring no side 
125 actions; 

Figure 4 is a face-on view of the reflecting 
surfaces of Figs. 1, 2, or 3; 

Figure 5 is a face-on view of an alternative 
form for the reflecting surfaces of Figs. 1 , 2, 
1 30 or 3; 
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Figures 6A and 6B are respecth/el/ cross 
sectional and top views of a coupler according 
to a second preferred embodiment of the 
invention and having a beam splitting surface 
5 and total internal reflecting and focussing sur- 
face for accomplishing a coupling function; 

Figure 7 is a cross sectional view of a 
coupler according to another embodiment of 
the invention and having a refractive, focuss- 
1 0 ing surface and a total internal reflecting, 
focussing surface for accomplishing a cou- 
pling function; 

Figure 8 is a face-on view of an alternative 
focussing surface for use with one or more of 
1 5 the couplers of the invention; 

Figure S is a face-on view of an alternative 
focussing surface for use with one or more of 
the couplers of the invention; and 

Figures 10A and 10B are respectively face- 
20 on and sectional views of an alternative cou- 
pler havibg one refracting, focussing surface 
and one total internal reflecting , focussing 
surface according to the invention. 

25 DETAILED DESCRIPTION OF THE /WVE/V- 
TION 

The present invention contemplates a fiber 
optic coupler in which at least two optical 
surfaces, which may be either reflecting or 

30 refracting, define physically separated light 
paths between the termination of an optical 
fiber and active elements such as an emitter 
or a detector. The reflecting or refracting 
surfaces of the coupler are typically formed as 

35 interfaces between the air and a plastic ma- 
terial forming the coupler body. 

In accordance with the first embodiment of 
the invention illustrated in Fig. 1^ a coupler 
body 1 0 has an attachment port 1 2 for secur- 

40 ing an optical fiber and connector so as to 
locate the fiber termination at an interface 1 4 
with the molded plastic of the body 1 0. The 
body 10 includes cavities 16 and 18 dimen- 
sioned to receive and accurately align emitters 

45 or detectors, preferably, in a typical applica- 
tion, one of each. The type of emitter or 
detector utilized In the present invention in« 
eludes a centered emitting or sensing locus. 
An optical path between the center of the 

50 cavities 1 6 and 1 8 and the termination of the 
optical fiber at the interface 1 4 is provided by 
ellipsoidal surfaces 20 and 22 respectively. 
These surfaces are angled at or above the 
critical angle to provide total internal reflection 

55 and avoid the need for reflective coatings. The 
ellipsoidal surfaces 20 and 22 are molded 
into the body 1 0 as terminations of cavities 
24 and 26 respectively. Such aspheric sur- 
faces eliminate spherical aberrations. In the 

60 case of the ellipsoidal surface 20 its shape is 
dimensioned so that one focus of the ellipsoid 
lies at the location of a point 28 centered 
within the cavity 1 6 at the location where 
light is applied or responded to by the emitter 

65 or detector inserted therein. The other focus 
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for the ellipsoidal surface 20 coincides with 
the location of the optical fiber termination at 
the interface 14. A light path 30 is accord- 
ingly defined therebetween. The ellipsoidal 
70 surface 22 is dimensioned so that one focus 
of the solid ellipsoid lies at a point 32, having 
the same properties with respect to the cavity 
18 that the point 28 has for the cavity 16. 
The other focus of the solid ellipsoid of the 
75 surface 22 is located at the point where the 
ftber terminates at the interface 1 4 defining 
an optical path 34 between the point 32 and 
interiface 14. If the optical surfaces 20 and 22 
area viewed face-on from the location of the 
80 interface 1 4 they will appear generally as 

respective segments 36 and 38 in Fig. 4. The 
location of the inner most termination 40 of 
the cavity 24 can be varied to affect the 
location of dividing line 42 between the seg- 
85 ments 36 and 38 and correspondingly adjust- 
ing the perecentage of radiation carried by the 
respective paths 30 and 34. In typical appli- 
cation that percentage Is 50% to each path. 
The cavities 24 and 26 may be rotated 
90 about the axis of port 1 2 to positions 90' 
apart if it Is desired to eliminate light travel- 
ling between the points 28 and 32 to reduce 
the transmission of spurious radiation there- 
between. The surfaces 20 and 22 or both 
95 may be segmented in order to provide cross 
talk isolation between radiation applied to or 
received at the cavities 1 6 and 18 due to 
reflection at interface 14. Such segmentation 
is illustrated In Fig. 5, a face-on view of the 

1 00 surfaces 20 and 22 from the interface 14. As 
seen from that location, the surface 22 occu- 
pies left and right hand portions 46 and 48 of 
the field of view of Fig. 5 while the surface 
20 comprises a narrow finger extending from 

105 top to bottom in the view of Fig. 5 as a 
central portion 50. 

The material for the coupler body 1 0 is 
typically a transparent injection moldable plas- 
tic such as LEXAN, a trademark of the General 

110 Electric Company. In general transparent 
acrylic or polycarbonate plastics have been 
found of particularly usefulness. Injection 
molding techniques for the production of in- 
ternal cavity surfaces within a body 1 0 are 

115 available in the art. Several companies have 
the ability to mold plastic lenses or other 
optical shapes and can be used to produce 
such couplers. 

An alternative embodiment of a molded 

120 plastic coupler body 60 is illustrated in Fig. 2. 
The coupler body 60 includes a fitting 62 for 
securing an optical fiber and connector to 
present the fiber termination centered at an 
interface 64. Respective optical paths 66 and 

125 68 are defined between the center of the 
interface 64 at the fiber termination and the 
center of emitter or detector cavities 70 and 
72 respectively. The paths 66 and 68 are 
completed by ellipsoidal, total internal reflect- 

1 30 ing surfaces 74, 76 and 78. The ellipsoids of 
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the surfaces 74, 76, and 78 share a common 
focus at a point 80 while the other focus of 
• the surface 74 is at the fiber termination at 
interface 64. The surfaces 76 and 78 have 
5 their other focus at respective points 82 and 
84, centered within the cavities 70 and 72 
respectively, where light maybe applied to or 
received from emitters or detectors inserted 
within those cavities. The surfaces 76 and 78 

1 0 are midway between point 80 and respective 
points 82 and 84. 

The mold for the body 60, requires no side 
action since all the cavities are provided from 
facing opposite top or bottom surfaces. This is 

1 5 of substantial advantage in lessening the cost 
and increasing the precision of injection mold- 
ing of such couplers. 

The innermost termination of the cavity 
forming the surface 76, at a point 86, defines 

20 the percentage of radiation siiared between 
the paths 66 and 68, typically in accordance 
with the face-on view illustrated in Fig, 4. 
Segmentation of the reflecting surfaces can 
also be achieved in accordance with the pat- 

25 tern illustrated in Fig. 5, or other patterns as 
desired. 

Because each of the optical paths 66 and 
68 includes reflections from two oppositely 
directed, ellipsoidal surfaces it is possible to 

30 make the focussing function of the reflecting 
surfaces in each path corrected for coma and 
spherical aberration. 

A third embodiment utilizing total internal 
reflecting, focussing surfaces in the optical 

35 paths between an optical fiber termination and 
emitter and detector cavities is illustrated in 
Fig. 3. As shown there a coupler body 90 has 
a fixture 92 for securing an optical fiber 
through its encasing cable and connector to 

40 the body 90 so as to position the fiber termi- 
nation centrally at an interface 94 with the 
plastic of the coupler body 90. First and 
second cavities 96 and 98 are provided 
within the body 90 to either side of the fixture 

45 92 to accommodate emitters or detectors as 
desired. Optical paths 100 and 102 befween 
between cavities 96 and 98 are provided by 
collimating total internal reflecting, parabolo- 
ids 104 and 106 respectively, end surface 

50 1 05 and paraboloidal, focussing total internal 
reflecting surfaces 1 08 and 110 respectively. 
Because of the focussing nature of the parabo- 
loidal reflectors 1 08 and 110, their placement 
is not critical and they can be located at any 

55 distance from the fiber termination interface 
94 as desired. Splitting of the field of view 
from the interface 94 provided by the surfaces 
1 04 and 1 06 can also be tailored as dis- 
cussed above with respect to Figs. 4 and 5. 

60 The mold for the body 90 also does not 
require side actions. The molding of a coupler 
according to the embodiment of Fig. 3 can 
therefore be provided in a highly efficient 
manner. The couplers of Figs. 1-3 by being 

65 of all reflecting surfaces are insensitive to 
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changes in refractive index, dimensions and 
wavelengths. 

Figs. 6 A and 6B illustrate a second general 
embodiment of the present invention in which 

70 a beam splitting surface is used to direct 

radiation between an optical fiber termination 
and the location of emitter or detector cavi- 
ties. A coupler body 120 is shown sectionally 
in Fig. 6A while Fig. 6B shows a top surface 

75 1 22. The coupler body 1 20 Includes a groove 
1 24 in which an optical fiber alone is typically 
cemented with its termination placed adjacent 
to a dielectric coated, beam splitting suripace 
1 26. A first cavity 1 28 is centered directly 

80 adjacent the surface 1 26 and opens on the 
surface 1 22, positioning an emitter (or detec- 
tor) so that radiation can be applied to or 
received from the fiber termination by reflec- 
tion from the surface 126, The portion of the 

85 radiation transmitted through the surface 126 
by the beam splitting function imparted by the 
dielectric coating, forms an optical path 1 30 
that includes total internal reflections from a 
focussing surface 1 32 which redirects the 

90 path 1 30 toward the center of a cavity 1 34 
for holding a detector (or emitter) element. 

The coupler of Figs. 6A and 6B is capable 
of injection molding without side actions to 
the mold. The fiber termination can be coup- 

95 led to the surface 126 through index of 

refraction matching material or not as desired. 
The embodiment of Figs. 6A and 6B provides 
particularly efficient coupling from an emitter 
located within the cavity 1 28, as well as to 
100 the cavity 134, typically used for a detector. 
The cavity 1 28 as well as the cavity 1 34 
includes indents 1 36 which provide for pre- 
cise positioning of the emitter or detector 
housing. 

105 Fig. 7 illustrates a third general embodi- 
ment of the present invention. As shown 
there, a coupler 140 has a coupling 142 
which accepts an optical fiber 1 44 within a 
connector to position the termination of the 

110 fiber 1 44 against an interface 1 46 with the 
body 1 40. One optical path 1 48 is provided 
from the termination of the fiber 1 44 through 
a total internal reflecting surface 1 50 to a 
detector or an emitter assembly 152 within a 

115 cavity 1 54. A second optical path 1 56 leads 
from the termination of the fiber 144 through 
a refracting surface 1 58 to an emitter or 
detector assembly 1 60 within a second cavity 
162 of the coupler 140. 

120 In the illustration of Fig. 7, the detectors 
and emitters are shown of the focussing type 
utilizing lenses 1 64 to image or direct light 
from a semiconductor sensing or emitting 
element. It is to be understood that other 

1 25 forms of detectors and emitters may be used 
or elsewhere in the invention as desired. 

The surfaces 1 50 and 1 58 as viewed from 
the termination of the fiber 1 44 may have the 
character as described above with respect to 

1 30 Figs. 4 and 5. Altenatively the surfaces 1 50 
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and 1 58 may be segmented as illustrated in 
Fig. 8 with sections 1 70 corresponding to one 
of the surfaces 1 50 and 1 58 and opposite 
sections 1 72 corresponding to the other of 
5 the surfaces 150 and 158. Similarly In Fig. 9 
segments 1 74 and 1 76 illustrate a pattern for 
the surfaces 150 and 158, or extensions 
thereof as appropriate to form the indicated 
segments. Such segmented reflecting and re- 
10 fracting surfaces are useful in avoiding refJeo- 
ttons back from the interface 1 46 into the 
opposite cavity and thereby reducing cross 
talk. 

In Figs. 10A and 10B there is illustrated an 

15 alternative form to the embodiment of Fig. 7 
in which the reflecting and refracting func- 
tions are divided between concentric surfaces 
180 and 182 wrthtn a coupler body 184. Fig. 
108 illustrates the portion of the coupler 

20 containing reflecting and refracting surfaces 
182 and 180 for reflective and refractive 
paths between a fiber termination 1 86 and 
cavities 188 and 190 respectively for emitters 
or detectors. Fig. 10A is a substantially tace- 

25 on view of those surfaces. 

The alternatie form illustrated by Figs. 10A 
and 103 similarly prevents cross talks be- 
tween the emitter and detector elements from 
reflections at the interface with the optical 

30 fiber. 

Index matching material at the fiber termi- 
nations may be used as an alternative for the 
prevention of cross talk in all the above de- 
scribed embodiments. 

35 The reflecting surfaces 150 and 182 in 
Figs. 7 and 1 0A and 1 OB respectively are 
typically ellipsoidal as above with the two 
focuses respectively chosen to lie at the point 
of the fiber termination and optical center of 

40 the detector or emitter cavity. The refracting 
surfaces 158 and 180 are typically Cartesian 
Ovoids to eliminate spherical aberrations if 
desired. 

The description above is of a fiber optic 
45 coupler utilizing one or more total Internal 
reflecting, focussing surfaces with or without 
refracting surfaces and capable of being easily 
molded using injection molding techniques to 
provide precise optical alignment of fiber ter- 
50 minations with the coupling centers to emitter 
and detector elements. The examples given 
above are exemplary only of the invention the 
scope of which is solely as indicated in the 
following claims. 

55 

CLAIMS 

1. An optical coupler comprising: a cou- 
pler body formed of an optically transmitting 
material; first and second physically separated 

60 optical surfaces within said body; said body 
having means for receiving an optical fibre in 
a first location; said body having at least first 
and second means for positioning and secur- 
ing first and second emitting or detecting 

65 elements; and first and second physically se- 
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parated optical surfaces being positioned 
within said body to provide optical paths 
between said first location and said first and 
second positioning means respectively. 

70 2. A coupler according to claim 1 wherein 
at least one of said first and second optical 
surfaces provide an optical path by one or 
more of beam splitting^ refraction and total 
internal reflection. 

75 3. A coupler according to claim 2, 

wherein said first and second optical surfaces 
are ellipsoidal or paraboloidal total internally 
reflective surfaces. 

4. A coupler according to claim 3, further 
80 including: a third ellipsoidal total internal 

reflective surface having one focus common 
with the ellipsoidal focuses of said first and 
second optical surfaces and a second focus 
positiioned at the expected termination of the 
85 optical fibre in said first location; the second 
focuses of said first and second ellipsoidal 
optical surfaces being placed at said first and 
second positioning means. 

5. A coupler according to claim 2, having 
90 a beam splitting optical surface, wherein said 

means for receiving an optical fibre further 
include means for positioning the termination 
of said optical fibre approximate to said beam 
splitting optical surface. 
95 6. A coupler according to claim 5, 

wherein the first of said positioning means is 
located to position a detecting or emitting 
element proximate to said beam splitting sur- 
face. 

100 7. A coupler according to claim 6, 

wherein said second optical surface is posi- 
tioned on a path for radiation transmitted 
through said beam splitting optical surface to 
or from the second of said positioning means. 

105 8. A coupler according to any preceding 
claim, wherein said body has recesses for 
locating said first and second physically sepa- 
rated optical surfaces, said means for receiv- 
ing an optical fibre, and said first and second 

110 positioning means from opposite surfaces 

thereof whereby said body may be molded by 
a moid without side actions. 

9. A coupler according to any preceding 
claim, wherein said first and second physically 

115 separated optical surfaces are segmented to 
avoid cross talk between said first and second 
positioning means. 

10. A coupler according to any claim, 
wherein said body is formed of a moldable 

120 plastics material. 

11. A coupler according to claim 1 0, 
wherein said coupler body is formed of an 
acrylic or polycarbonate plastics. 

12. An optical coupler constructed and 
125 arranged substantially as herein described 

with reference to any of the figures of the 
drawings. 
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